The community structure of caprellids inhabiting two species of seagrass (Cymodocea nodosa and Zostera marina) was investigated on the Andalusian coast, southern Spain, using uni and multivariate analyses. Three meadows were selected (Almería, AL; Málaga, MA; Cádiz, CA), and changes in seagrass cover and biomass were measured from 2004 to 2005. Four caprellid species were found; the density of Caprella acanthifera, Phtisica marina and Pseudoprotella phasma was correlated to seagrass biomass. No such correlation was found for Pariambus typicus, probably because this species inhabits sediments and does not cling to the seagrass leaves. We recorded a signiWcant decrease in seagrass cover and biomass in MA due to illegal bottom trawling Wsheries. Phtisica marina and P. typicus were favoured by this perturbation and increased their densities after the trawling activities. A survey of reports on caprellids in seagrass meadows around the world showed no clear latitudinal patterns in caprellid densities (ranging from 6 to 1,000 ind/m 2 per meadow) and species diversity. While caprellid abundances in seagrass meadows are often very high, the number of species per meadow is low (range 1-5).
Introduction
Caprellids are small marine peracaridean crustaceans, which inhabit algae, hydroids, ascidians, anthozoans, bryozoans, sponges and seagrasses (McCain 1968; GuerraGarcía 2001) . They feed on suspended materials, prey on other organisms, or graze on epibiotic fauna and Xora (Caine 1974; Guerra-García et al. 2002; Thiel et al. 2003) , and they are important prey for many coastal Wsh species (Caine 1987 (Caine , 1989 (Caine , 1991 . Caprellids are morphologically well adapted to cling to the substrata; with their pereopods they can Wrmly hold onto branches of algae, seagrass, bryozoans and hydrozoans. The pleopods, which are used for swimming in other amphipod crustaceans, are very reduced in caprellids; therefore, although caprellids can swim (Caine 1979a) there are not very eYcient swimmers. However, caprellids can be distributed passively by clinging to artiWcial (buoys, ropes, litter) and natural (macroalgae) Xoating materials, so the cosmopolitan distribution of many littoral caprellid species might be facilitated by the fact that they are often associated with fouling communities on Xoating objects (Thiel et al. 2003) . Recently, caprellids have also been found to be useful bioindicators of marine pollution and environmental stress (Guerra-García and García-Gómez 2001; Ohji et al. 2002; Takeuchi et al. 2004; Guerra-García and Koonjul 2005) . Although amphipods (gammarids and caprellids) are regular inhabitants of seagrass meadows, there is a lack of ecological and behavioural studies on the caprellid communities associated to seagrasses.
Seagrasses are distributed worldwide (600,000 km 2 of the marine bottoms are covered by these spermatophytes) and play an important role in the general coastal dynamics and biology (Larkum et al. 1989; Templado 2004) . When compared with neighbouring areas, the meadows reveal higher abundances and species richness (Edgar et al. 1994) . The main factors contributing to this improvement in biodiversity are availability of microhabitat, protection from predators, trophic resources, sediment settling, hydrodynamic force reduction (see Pranovi et al. 2000) . Seagrass beds of the temperate zone support large numbers of invertebrate species and individuals, thereby providing abundant food for Wshes, compared to adjacent unvegetated areas (Nakamura and Sano 2005) . At European coasts, four native seagrass species are known, which are all distributed along the littoral of Andalusia, southern Spain: Zostera marina Linnaeus, Cymodocea nodosa (Ucria) Ascherson, Posidonia oceanica (Linnaeus) Delile and Zostera noltii Hornemann. In spite of the abundance of these seagrass meadows in southern Spain, caprellid communities associated to these plants have been scarcely studied, and the only records of caprellids from these habitats come from general faunistic or ecological studies (Edgar 1990; Sánchez-Jerez and Ramos Esplá 1996; Rodríguez-Ruiz et al. 2001; Luque et al. 2004; Ballesteros et al. 2004 ). This lack of information is also applicable to other areas around the world (Takeuchi and Hino 1997) .
Because of the ecology and economic importance of seagrass meadows, their protection has been proposed in recent legislation at local, national and international level. Seagrass meadows at the Andalusian coast have been decreasing steadily. In addition to natural processes, anthropogenic factors are likely to have inXuenced this decline (Sánchez-Jerez and Ramos-Esplá 1996) . Besides the increasing of urban and industrial areas in the littoral zone, there is an important eVect of the bottom trawling Wsheries. Large numbers of trawlers usually work illegally over seagrass meadows, causing physical degradation and critical regression of the meadows. In fact, although variation in structural complexity in seagrass may well be produced by other environmental factors, human activities such as trawling play a very important role in the SE of the Iberian Peninsula (Sánchez-Lizaso et al. 1990 ). For all these reasons, a research programme on seagrass meadows of the coast of Andalusia, southern Spain was initiated in 2004. The project, supported by the Environmental Agency of the Andalusian Government, is intended to control and detect temporal changes in seagrass biomass, density, cover and associated fauna. To properly assess changes in the extent of seagrass meadows throughout time, sampling eVort was mainly focused on meadows edges. As a part of this general project, we studied of the community structure of the caprellid amphipods associated to three seagrass meadows of the Andalusian coast during the years 2004 and 2005, using uni and multivariate approaches. Furthermore, as one of the studied seagrass meadow was severely aVected during the study by trawling Wsheries, we also tested the responses of caprellids to seagrass regression produced by trawlers.
Methods

Study sites
The three seagrass meadows selected for the present study are distributed along the oriental coast of Andalusia ( Fig. 1) . At the occidental coast, water transparency is signiWcantly lower and no seagrass can be found. The main characteristics of the three selected meadows are given in Table 1 . Sampling procedure
Estimation of changes in seagrass cover
Once the exact location and dimensions of the three seagrass meadows had been checked using SCUBA, the four edges (north, south, east and west) were located. On each edge, 6 Wxed quadrats of 1 £ 1 m 2 (Fig. 2) were marked with sheaves for monitoring the seagrass cover through time. Each quadrat (24 for each meadow, 72 in total) was photographed and, using image analysis, divided into 64 subsquares. In each subsquare the seagrass presenceabsence was checked and the cover of the quadrat was express as the percentage of presence numbers from the total (64 subsquares). 
Sediment characteristics
Three samples of sediment were collected from each seagrass meadow in summer 2004 and 2005. Sediment samples were stored at ¡20°C in pre-cleaned glass jars until analysis. Granulometry was determined by Buchanan and Kain's method (Buchanan and Kain 1984) . Organic contents were analysed by ashing samples of sediment to 500°C for 6 h and re-weighing (Estacio et al. 1997 ).
Statistical analysis
Variations in sediment granulometry and organic matter between 2004 and 2005 were tested using one-way ANOVA after verifying the normality of the data (Kolmogorov-Smirnov test) and the homogeneity of variances (Levene test).
The inXuence of location and time (year 2004 vs. 2005) on cover and biomass of the seagrass was analyzed using two-way ANOVA. Variations of the seagrass biomass and cover between 2004 and 2005 and changes of caprellid densities for each seagrass meadow were tested using KruskalWallis test.
To explore the relationship between caprellid density and seagrass biomass, correlation analyses were conducted. The aYnities among seagrass based on caprellid species were established by cluster analysis using UPGMA (Clarke and Gorley 2001) . For univariate analyses, the BMDP (BioMedical Data Programs) was used (Dixon 1983) .
Results
Sediment characteristics
The seagrass meadows of Almería (AL) and Cádiz (CA) were dominated by Wne sands while in the seagrass of Málaga (MA) very Wne sands predominated (Fig. 3) . The seagrass of MA was aVected by trawling activities from 2004 to 2005. As a result, a signiWcant change in granulometry was measured (an increase in Wne sand, F = 21.7, P < 0.05, and a decrease in very Wne sand, F = 39.3, P < 0.01). As to organic matter (Fig. 4) , there were no signiWcant diVerences between 2004 and 2005 for the three studied meadows.
Seagrass cover and biomass
Using the Wxed squares of 1 £ 1 m 2 to estimate changes in cover, we measured a signiWcant decrease of seagrass cover (from 57 to 17%, Kruskal-Wallis (K) = 32.4, P < 0.001) in Málaga (MA), probably due to the eVect of Wshing trawlers in the area. The eVect was also signiWcant for seagrass biomass in MA (from 55 to 23 g/m 2 ; K = 18.2, P < 0.001) (Fig. 5) . When pooled data for all seagrass meadows were analysed using two-way ANOVA, signiWcant diVerences in cover and biomass were measured for both location (AL, MA or CA) and year (2004 or 2005) (Table 2) . However, a signiWcant interaction was also measured between the two factors, due to the divergent behaviour of the Málaga meadow.
Caprellid community
Four caprellid species were found during the present study: Caprella acanthifera (Leach, 1814), Pariambus typicus (Kröyer, 1844), Phtisica marina Slabber, 1769, and Pseudoprotella phasma (Montagu, 1804). Species abundances for the three studied seagrass meadows are given in Fig. 6 . Phtisica marina and P. typicus were the dominant species, while P. phasma was largely restricted to Almería and Caprella acanthifera was only found in Cádiz.
In Almería (AL) and Cádiz (CA) there were no signiWcant diVerences in caprellid densities between 2004 and 2005. However, a signiWcant increase in number of specimens were measured for P. marina and P. typicus in Mál-aga (MA), probably as a result of the perturbation associated with trawling activities (P.marina, from 5.9 to 15.7 ind/225 cm 2 , K = 9.8, P < 0.05; P. typicus, from 0.6 to 3.1 ind/225 cm 2 , K = 4.4, P < 0.05). (Fig. 7) . Each meadow was characterised by a speciWc composition and/or abundance of the caprellid community.
The density of P. marina, P. phasma and C. acanthifera was signiWcantly correlated to the seagrass biomass (r = 0.51, 0.40 and 0.50, respectively; P < 0.05) while there was no correlation for P. typicus.
Discussion
Caprellid community on Andalusian seagrasses
The four caprellid species found in the studied seagrass meadows, C. acanthifera, P. marina, P. phasma and P. typicus, are common species on many diVerent substrata (see Guerra-García 2001) . Phtisica marina is a cosmopolitan species that lives on algae, hydroids, ascidians, anthozoans, sponges, bryozoans and sediments (Guerra-García 2001). It can bear stressed areas of low hydrodynamics and high rates of sedimentation and organic matter (Guerra-García and García-Gómez 2001). Caprella acanthifera is also widely distributed in the Mediterranean, being especially abundant on algae, but also associated with a variety of substrata. Pseudoprotella phasma is usually associated with hydroids, but can be found also on algae, anthozoans and sediment. Pariambus typicus has been found mainly on sediments and also associated with echinoderms (GuerraGarcía 2001). Consequently, no speciWc associations could be established between these caprellids and seagrass species; however, speciWc associations between caprellids and seagrass species have been reported in other areas (e.g. Caprella japonica living on the seagrass Phyllospadix iwatensis in Japan, Takeuchi and Hino 1997) . Although there is a lack of studies dealing with caprellids on seagrass around the Iberian Peninsula, the caprellid composition is very similar in the four seagrass species (Table 3) .
Caprellids may play an important role in seagrass meadows. Caprellids living on seagrass are important prey for many Wshes (Caine 1991; Horinouchi et al. 1998; Rodrí-guez-Ruiz et al. 2001; Sánchez-Jerez et al. 2000) . Some species of Wshes associated with seagrass meadows consume primarily caprellids, especially during juvenile stages (see Kwak et al. 2005) . In fact, in shallow water ecosystems, caprellidean and gammaridean amphipods are considered to be one of the most important prey items for Wshes, especially for those less than 10 cm in body length (Takeuchi and Hino 1997). Furthermore, the amphipod and gastropod grazers are very important in controlling periphyton and ephiphytes of seagrass (JernakoV and Nielsen, 1997). For example, Caine (1980) reported that in the absence of Caprella laeviuscula, periphyton biomass increased by 411% in Z. marina beds. In tropical seagrass meadows, seagrass biomass has usually been found correlated with both number and abundance of invertebrate species. A thick vegetation provides better protection from predators and a larger plant surface to cling on (Heck and Wetstone 1977) . In the present study, the abundance of P. marina, P. phasma and C. acanthifera correlated with seagrass biomass while the abundance of P. typicus did not. This may be explained by the vertical distribution of the caprellid species in the seagrass meadow. Phtisica marina is distributed on both blades and sediment; P. phasma and C. acanthifera live mainly on leaves while P. typicus can be found within sediments, among sand grains (personal observation; Fig. 8 ). This species seems to live in sediments regardless of the local seagrass biomass, i.e. even in plain sediments. In contrast, the abundances of the other species were highly correlated with seagrass biomass, since they depend on seagrass blades to cling on. Curiously, in a study conducted in a seagrass meadow of Z. marina in the Salcombe Estuary, UK, P. typicus was more abundant in fragmented than in continuous areas (Frost et al. 1999 ). According to Virnstein et al. (1984) , most free-living gammarid amphipods tend to hide between seagrass blades while caprellids live more exposed on the surface and tips of the blades. Perhaps counteracting their vulnerable position on the leaf surfaces, caprellids have a skeleton-like morphology, which may make them less conspicuous to visual predators (Virnstein et al. 1984) . In fact, although more behavioural studies are necessary for most species, Caprella japonica and C. tsugarensis have been observed to hold seagrasses in a "parallel" posture (Takeuchi and Hino 1997) . Although caprellids are reported to be more "camouXaged" in seagrass meadows than in other habitats, there are other substrates, such as hydroids, where caprellids can remain unnoticed by predators. Caine (1979b) compared populations of Caprella laeviuscula living on Zostera and on the hydroid Obelia, and found that predation was higher on Zostera than on Obelia, especially of juveniles and females. Juvenile and female selectivity by predators are related to visual discernibility; juveniles lack a protective coloration on Zostera, and the brood pouch of ovigerous females is white. On Obelia, the lighter colour blends with the background and juveniles resemble polyps.
Trawling eVect on caprellid community
The present study showed that P. marina and P. typicus were clearly favoured by the perturbation associated with trawling activities. Sánchez-Jerez and Ramos-Esplá (1996) also found higher densities of some caprellid species in areas impacted by trawlers in comparison with control areas along C. nodosa meadows. Frost et al. (1999) found higher densities of P. typicus in fragmented areas of Z. marina beds than in continuous zones. Phtisica marina and P. typicus have been reported to be very good colonizers of sediments after dredging in harbours , and excellent recolonizers of defaunated sands in experimental trays (Guerra-García and García-Gómez 2006). These two species can be considered as "opportunistic", P. oceanica 4, 5, 6 Z. marina 6, 7, 8 Z. noltii 9, 10 Caprella acanthifera + + + Caine (1991) and Thom et al. (1995) , 7 Edgar ( Latitudinal patterns of caprellid distribution on seagrass meadows
Caprella equilibra +
Caprella rapax +
Pariambus typicus
Although the biogeographical distribution of caprellid species on a global scale is not well known so far, it has been reported that the highest caprellid species diversity is found in temperature waters (around 30° latitude), and that species diversity decreases both towards colder waters of higher latitudes and towards the equator (Laubitz 1970; Abele 1982; Thiel et al. 2003) . This pattern has been also measured for gammaridean amphipods. However, the typical pattern for many other groups of crustaceans such as ostracods, copepods, stomatopods or decapods is diVerent: a decrease of species richness from the equator towards higher latitudes (Abele 1982) . If only seagrass meadows are considered, the amphipod pattern changes as diversity increases signiWcantly with decreasing latitude, being maximal near the equator (Virnstein et al. 1984) . These authors summarised the available information to determine whether any latitudinal pattern exists for the seagrassassociated epifauna, and to examine hypotheses, which might explain the observed patterns. They found that the diversity of decapods and amphipods in seagrass meadows increases with decreasing latitude, while the diversity of isopods and Wshes showed nonsigniWcant trends with latitude. Interestingly, density of amphipods showed no pattern with latitude, which is apparently inconsistent with either the tropical decrease or increase predicted by the predation and primary production hypotheses. Consequently, Virnstein et al. (1984) pointed out that, contrary to evidence from other biological systems, it appears that latitude is, in general, an inconsistent predictor of diVerences in the epifauna of seagrass communities. If we consider only the caprellidean amphipods, species richness and abundances obtained in the present study are similar to those measured in other seagrass meadows around the world, and data of Table 4 support the idea that there is no clear latitudinal pattern for density values (in fact, the correlation between latitude values of localities in Table 4 and caprellid densities is not signiWcant, r = 0.19, NS). Data of total caprellid abundance range from 6 to 1,000 individuals/m 2 , but the methods diVered among studies, which makes comparisons diYcult. Furthermore, there is a lack of data for areas near the equator and further studies are necessary. As to the number of species, the very low species richness of caprellids in seagrass meadows (one to Wve species) does not allow clear conclusion about any latitudinal pattern.
